Turkish tick-borne encephalitis (TTE) virus causes an acute form of meningoencephalomyelitis in sheep in the north-western region of Turkey. The clinical syndrome resembles louping ill (LI) and the viruses responsible for both LI and TTE are members of the tick-borne encephalitis (TBE) complex of the Flaviviridae. The envelope protein gene of TTE virus was reversetranscribed, amplified, cloned and sequenced. Alignment of the resultant sequence with those from other viruses of the TBE complex reveals that TTE virus is more closely related, at both nucleotide and amino acid levels (84.6% and 96% respectively), to the Central European (CEE) subtype of the TBE virus, usually associated with human disease. The relationship with LI virus is more distant (83 % and 93.5 % respectively). These studies support the assertion that the ovine encephalomyelitis found in Turkey is caused by a virus that is genetically distinct from known strains of both LI and CEE viruses and from a number of other known viruses of the TBE complex.
In the 1960s an acute form of encephalomyelitis was recognized in sheep in the Gebze area of north-western Turkey (Hartley et al., 1969) . The reported clinical signs of Turkish tick-borne encephalitis (TTE) included blindness, tremors, lack of co-ordination, flaccid paralysis, coma and death. All the affected flocks had a moderate infestation of ticks, larvae and nymphs. A similar disease in sheep had previously occurred for at least 15 years in a nearby village. Studies performed confirmed that the causative virus of both foci of infection belonged to the tick-borne encephalitis (TBE) antigenic complex (Hartley et al., 1969) .
Louping ill (LI) has been recognized as a disease of sheep, with similar symptoms to TTE, for at least 2 centuries in Scotland (McFadyean, 1900) . More recently the disease has spread through many of the upland sheep-raising areas of the British Isles (Reid, 1987) . The causal LI virus has been shown also to be a member of the TBE complex (Greig et al., 1931; Andrewes & Pereira, 1978) .
Information about the relationship of TTE virus to other viruses of the TBE complex has been obtained The nucleotide sequence data reported in this paper can be found in the EMBL nucleotide sequence database under the accession number L01265. from a number of serological studies (Hambleton et al., 1983; Stephenson et al., 1984) . These studies confirmed that TTE virus was a member of the TBE complex, but also found that antigenic variation existed between TTE and other TBE viruses.
The purpose of this study was to sequence the envelope (E) protein of TTE virus to elucidate the molecular basis of its antigenic relationship to LI virus and to other viruses in the TBE complex. The E protein is the major surface protein of the virus and is believed to be responsible for a number of important functions. These include eliciting neutralizing antibodies and protective immunity and mediating both receptor binding and low pH-induced membrane fusion of virus membranes with cellular membranes Roehrig et al., 1989; Heinz et al., 1990a) .
The virions used in these studies were crudely purified by centrifugation only and the viral RNA was extracted, reverse-transcribed and amplified as described (Whitby et al., 1992) . First strand cDNA was synthesized using two antisense primers, 5' CGTGTCCACAGCGC-AACCAAC 3' and 5' TTCAGGTGGTACTTGGTTC 3' [complementary to the central European strain, Neudoerfl virus (CEE Neudoerfl), nucleotides 2444 to 2464 and 1785 to 1803 respectively] (Mandl et al., 1988) . The E protein gene was then amplified using two sense primers, 5' ATCGAGGCTGGGGCAACCACTGTG 3' 
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and 5' TTTGGCACCGGTTTAC 3' (nucleotides 1245 to 1268 and 934 to 949 respectively). The two resultant overlapping cDNA fragments, nucleotides 934 to 1803 and 1245 to 2464, were purified and cloned into pUC19. Sequence analysis of duplicate clones was performed by dideoxynucleotide sequencing of plasmid DNA following standard procedures (Sambrook et al., 1989) .
Computer analyses were performed using the Microgenie sequence analysis program (Queen & Korn, 1984) and the CLUSTAL program (Higgins & Sharp, 1988) . The nucleotide sequence and the encoded amino acids of the E protein are shown in Fig. 1 . These sequences were compared with the published sequences of other (Yamschikov & Pletnev, 1988 ) from CEE Neudoerfl virus (242 nucleotide and 21 amino acid differences) is of a similar magnitude to that of TTE virus from CEE Neudoerfl. The degree of similarity found between TTE virus and LI virus was notably lower, with 253 nucleotide changes (83 % identical) and 32 amino acid substitutions (93"5 % similarity). Previous studies have demonstrated that strain variations rarely show an amino acid sequence divergence of greater than 2 % (Heinz et al., 1990b) . Even allowing for antigenic drift, this justifies the classification of TTE virus as an independent virus of the TBE complex. Furthermore, a type-specific hypervariable domain in the E protein has been described previously (Shiu et al., 1992) . This domain identifies the tetrapeptide of amino acids 231 to 234 as an antigenic marker which is conserved in CEE and RSSE subtypes (as GAQN) and in LI and Negishi viruses (as GNPH) (Mandl et al., 1988; Yamshchikov et al., 1988; Shiu et al., 1991; Venugopal et al., 1992) ; in Langat (LGT) viruses this tetrapeptide is GAEA (Mandl et al., 1991) . The tetrapeptide is GALG in TTE virus, providing further evidence of the differentiation of this virus. However, the tick-specific hexapeptide EHLPTA (amino acids 207 to 212) is conserved in TTE virus (Shiu et al., 1991) confirming its classification as a member of the TBE complex.
It is interesting to note that TTE and LI viruses showed several identical amino acid differences, positions 67, 81, 130, 164, 206 and 335 . Further information will be necessary before any of these may be associated with encephalitis of an ovine rather than a human nature.
A schematic representation was prepared of the relationships between TTE virus and other viruses of the TBE complex based on a comparison of the amino acids of their E proteins (Fig. 2) . The amino acid similarity coefficients substantiate evidence that TTE virus is most closely related to CEE virus subtypes Kumlinge and Neudoerfl. The relationship of TTE virus with RSSE strains Sofjin and 205 (Safranov et al., 1991 ) is a little more distant and that with LI and Negishi viruses more distant still. The relationship with LGT virus strain TP21 (Mandl et al., 1991) is the most distant. However, the high degree of amino acid similarity between these viruses studied (86 to 96 %) confirms their classification within the same antigenic complex.
In conclusion, these studies suggest that TTE virus may be a distinct virus within the TBE complex of viruses, with a closer relationship to those viruses causing human encephalomyelitis, CEE Neudoerfl and CEE Kumlinge, than to LI virus, which most usually causes encephalomyelitis in sheep. Further sequence data will be necessary to elucidate completely the evolutionary relationships of TTE virus to other TBE viruses. Such data would help to clarify the evolutionary origin of this virus and provide useful information concerning the epidemiology and spread of TBE ovine disease. In the absence of this information the evolution of this ovine TBE virus, in its apparently isolated focus, remains intriguing. S. N. Whitby was supported by a Nuffield Foundation undergraduate research bursary.
